■Ill 


huh 


till 


Ml 


HI 



US006597787B1 

(12) United States Patent (io) Patent No.: US 6,597,787 Bl 

Lindgren et al. (45) Date of Patent: Jul- 22, 2003 



(54) ECHO CANCELLATION DEVICE FOR 

CANCELLING ECHOS IN A TRANSCEIVER 
UNIT 

(75) Inventors: Ulf Lindgren, Lund (SE); Mohan 

Misra, Lund (SE); John Philipsson, 
Lund (SE) 

(73) Assignee: Telefonaktiebolaget L M Ericsson 
(publ), Stockholm (SE) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 10 days. 

(21) Appl. No.: 09/628,932 

(22) Filed: Jul. 28, 2000 

(30) Foreign Application Priority Data 

Jul. 29, 1999 (DE) 199 35 808 

(51) Int. CI. 7 H04M 9/08 

(52) U.S. CI 379/406.05; 379/406.01; 

379/406.02; 379/406.03; 379/406.06; 379/406.08; 

379/406.09 

(58) Field of Search 379/406.01-406.16 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,609,787 A * 9/1986 Horns 

5,157,653 A 10/1992 Genter 

5,222,251 A 6/1993 Roney, IV et al. 

5,283,784 A 2/1994 Genter 

5.475.731 A * 12/1995 Rasmussion 
5,561,668 A 10/1996 Genter 
5,563,944 A 10/1996 Hasegawa 
5,600,718 A * 2/1997 Dent et al. 
5^646,991 A 7/1997 Sin 
5,680,450 A * 10/1997 Dent et al. 
5,721,730 A 2/1998 Genter 
5,920,834 A * 7/1999 Sih et al. 
5,937,060 A * 8/1999 Oh 
5,943,429 A * 8/1999 Handel 

6.081.732 A * 6/2000 Suvanen et al. 
6*163,608 A * 12/2000 Romesburg et al. 



6,163,609 A 
6,185,300 Bl 



12/2000 
2/2001 



Makinen et al. 
Romesburg 



FOREIGN PATENT DOCUMENTS 



DE 


19729521 A 


1/1999 


EP 


0712213 A 


5/1996 


EP 


0 884 886 


12/1998 


FR 


2675648 A 


10/1992 


JP 


63-42527 


2/1988 


WO 


W097/45995 


12/1997 


WO 


W098/33311 A 


7/1998 


wo 


W099/35813 A 


7/1999 



OTHER PUBLICATIONS 

Boll, S; "Suppression of Acoustic Noise in Speech Using 
Spectral Subtraction" in IEEE Trans, on Acoustics, Speech, 
and Signal Processin, vol. ASSP-27, No. 2, Apr. 1979; pp. 
113-120.* 

* cited by examiner 

Primary Examiner— -Forester W. Isen 

Assistant Examiner — Ramnandan Singh 

(74) Attorney, Agent, or Firm— Burns, Doane, Swecker & 

Mathis, L.L.P 



(57) 



ABSTRACT 



An echo cancellation device (ECD) comprises an echo 
canceller (EC) including a transfer function estimator (EST, 
H) and a subtractor (ADD) and a residual echo suppression 
device (G, ADD2). The residual echo suppression device 
(G) comprises a residual echo filter (G) having an adjustable 
filter function (g). This filter function (g) can be adapted to 
either remove from the subtractor output (TNE') the spectral 
characteristics relating to the reception signal (RFE) and/or 
to emphasize in the subtractor output signal (TNE') a back- 
ground signal spectral content relating to the transmission 
signal (TNE). A noise generation means (NGM 1 ) can be 
provided at the output of the adaptable filter (G) for injecting 
a noise process in to the filter output signal (TNE*) prior to 
a speech coding in a speech coder (COD). The noise process 
masks in the filter output signal a spectral content relating to 
the reception signal (RFE). 
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(57) 

I3-^t>tJVSi (ECD) », &3iM8C#i*£3§ 
(EST, H) , (ADD) , *iOMl3- 

»JEEjg (G, ADD 2) fc-^frin-^ (E 

o sf^.«. m®xn-mt£® (g) i*. tob?^ 

^M£fc (g) S*f«SfX3-7-/M (G) £«A 
So Hffl7^Mift (g) Mggg (ADD) (Dm 
gfgffl* (TNE ' ) (RFE) 

fcfci. MIMS (ADD) <Z>3iSIMgffl?J«*f (TNE' ) 
KfetfS, aSMxiyh (MC, TCRT) 
3*l&aMN»-l» (TNE) \Z%^^^ bJl>&#& 

)V? (G) ©m*SKL*t#^l!fe#S (NGM* ) Sfi 
8\ fjif^S (COD) fc*W-**^«F<Wfc©* 

ic, ~74)V9mumn (tne* ) tc^-rsis^mii* 

Aft&trzit fenfires*. IfWgiSfccfc *K :7^;k? 

(RFE) \Z%Z>^9b)V 

IB (ecd) fa, n-Fy-poll^xa-^^t 
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[fjf*ljfl] iift^^^A (TELE) <D^^f^-5/h (TRU) ^ 
tf^Sfl^yh (RX) 9Sfs ^^fcSffff-^ (RFE) tfS, 
jf^n^h (TRU) h (TX) (^t^r ^(C^o-C^i- 

— ^^-^^-fe/ix-t-S^n — ^-^-fe/Hgft (ECD) -CfeoT, 

a) ffrfSSff^^^h (RC, SP, RCRT) h HfTfB^fB ^ ~ V h (TR 

, mc, tcrt) ^(Dfa&temmm (h) *m^L, tfriBts^^nfc^^a 

Bflifc (H) ^ffiV^-CffllBSIffB-^ (RFE) ^^ItSfiiltlS (EST 
, H) 

b) BtlfSSffff-^ (RFE) (MC, TCRT) iw^1" 
5^ ^^©Hi-^^^-'fH-^^/uf^fmf-^ (TNE) fl>b*Qi3&<£>^ift-i§- 

(r f e ' ) *mn-rzmw& (add) 

c ) mmnrn (add) ^p>^m^jft-^-^*5tt«^@^=— stwjee-ts^® 
a) itfriEasW"— ttJJEES&te, tfrfsM^^b^^m^f-^ (tne' ) 

mm. (g) m5afxa-7^/^ (o sr^-wsr tzmmt-rz^ 

=f — -V > ir /i^^ffo 

[tt*il2] mflS^fff-i- (RFE) , Huf5Sffff-§- (RFE) ^ffffE^ 
ff^. - ^ h (MC, TCRT) 5 r i H <fc o t^S^t 5^ = -f 

tp^tufE^ffff-i- (tne) , mmmmk^mm^ (rfe' ) s^ib«» 

^<Z>m^{f-^ (TNE' ) ©'M<HlO^U r*Lfb<D{f#<D5^ m 
±©ff-^^^V^-CtfifBSfmf-^ (RFE) ^Bliti-S^^^ h/W&^fff? L 
, ff^^nfc^^^ h/^^-^S^V^TtulEaW^^^-^^^^ (G) 

j/vzmm. (g) £i§:^i-5*^ h/w£#&^®: (ctl) Sr^trr 

mt^&mmMi^mm<D^.=i~3c^^-t/vmw (ecd) 0 

[ft*ig3] tuts;^^ wwfc$m3St3M8; (ctl) tfrfB^^ — ff-s§- 

£r^£p&]tulE£Hf{f# (TNE) , lufE^MoSffm^- (RFE' ) RXfMW. 
Mlf^fcB^ff-^ (TNE' ) £ lof^ttS^T^TV f7V£r 



(3) #$2 0 0 3-5 0 6 9 24 

^BrrS^tftffiS (VAD) &m*-. fEflB#^W* ( V AD) ^ffjfBff-^-^ 

^•tf»#^ (ctd mm^^~im^^^t?^mmmm ctne) &tj< 
mmmw^m^jim^ (tne* ) t h— o^&^-c, tuts^m-^- 

^ly^^mW. (ECD) o 

5r t^1S^i-5S»*:3S2^|B«feo^=i-#-Y^-fe/v^« (ECD) „ 

[ff*il5] MfE*^* WM&frffg^JS: (CTL) fi, lW_h(DtfrfBm 
f (RFE;TNE;RFE' ; T N E ' ) toV^T COB.^^'r ;V (A(z _1 )) <£> 
^f>^7^-^^ft^t5riti;o-C, ffffE^^ff-^7^^ h/^m^r 
fritU Mffi$SM^/^i£^7^ (A -1 ) l:#5^7^-^fl»U MIES 
ff{f# (RFE) ^B»f SitufE^-^ h/^^^r^*-r-<< , fufEMWfgft 
7>f/^^'7^- ^^tfjfS^^ (A -1 ) ^3^7^— ^tlftS^ i: 
^#m^-rSff*^4^fE«c©^3-= 3 r-Y Vir/^g (ECD) o 

[ff*^6] MIE«^^tt, -OAR (Auto 

Regressive) ^T/VXIiARX (AutoRegressive exogenous) ^e^f/^Xfo&^t 

%m%t^&m^m5^mM(D^=i--3c-r>±;vmW: (ECD) 0 

[ft*ri7] MIE*^ h/w£#iflS#i£ (ctl) ffrfsa^^- 

ft-i-^^tftuisM^m^m-^ (tn e ' ) xnmm^^~-m^-^t?mmmm 

m^=r (TNE) \ZL-D\,^X<DMWL7—V^m (DFT) <K SflfESff ft ^ (RF 
E) y^Jfe (DFT) ^f+jfU tufSa®^^— ff^-^-atPt&IS 

^3S«W^7^# (TNE' ) K^^X<DmWcy~V (DFT) Xf«!E^ 

^-ff#^^tftufE^ff{f^- (tne) K^^xcommy-v (dfd 
tfjiESfmf-i- (rfe) (Dmm.y-v ^mm (dfd <z>*^— jj^s 

m-r^^t^wmt-r^m^MBKmm^^^-^^^-^/^mm (ecd) 0 
[ ft*ii 8 ] tute^ v 5 * ^ y a ? co mm 7>fW7^- * 3f w^/S-r & 
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Vfcm 2003-506 924 



G(o> i ) = (l-a*X(o> i )/M(a> i )) (2) 

g( co i) (ituis^ ^ mm g ^Bits:^— y ^«-e& y> , xu i) teMfESfi ft 
^it7^yitit*fc <9 > m(co i> ammm^^^-m^^mmuw^m 
tsm^ (t n e ' ) fdov^-rogim^— (dfd ^tewiE^-ft-i- 
^^•tpiuis^mt-^ (tne) iz.i\,^x<z>mwt:7—y (dfd t?&«3, 

^ir/^g (ECD) o 

mmm9] mm^mm^ (rfe) , tfrtssfmf-^ (rfe) ^strie^ 

ffcL-^f. (MC, TCRT) tiaotMt5^3-|f^ 
tp^fulE^tfs-^- (TNE) , filfBMfM^Sffff-i- (RFE' ) SlffiufEMjl 
SS<£>ffi;fc{i# (TNE' ) (D<pf£< t t> lO^joitS^^iUfS^^ffiE, ffflE 

t5^;vh- f/tf^jvy — ^tftffiS (VAD, DT) £r £ bKl^tr:: £ £: 
#m^i-Sff*iIl t-fEtt^^^-^^ V-fe/V^fi (ECD) 0 

[«M10] Mm^^y^h — ?/?Z?^h-?&ilii^ (VAD, DT 

g) a^tfKIifilEl&fcftS X 5 ^fftl#llFI& (CTL) |uio-ClS§ti, 

mm^ > sis h—?mmm (vad, dd s&ibsm# 

ftifEv^^ h — 9/?~7>\> h — ^^ttl^ (VAD, DT) ^ gjfa^^ 

^riff^ow^fflu se>^ mm^y^^^mwc (g) as^«»ifiiii(5 
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mW.i/lx'Jf^h — ?/?-?^ h — **feffi33 (VAD, DT) ^BUlS^fff^-^ 

iff-f©ii^uiLfci§fi, mm^y^/^^mm (g) ^buib*^ 

r. ^^#m^-f-S»*3S9^fE«(Drcn — de-^vir/PiSS (ECD) o 

[gKNfgi 1] busB^:^ /^Mifc (g) «s ffrfS^f^-^^ 

h (tr, tcrt) (tne, tne' ) 

tf)WJHf h/vj&#£; tUiEM*^ (ADD) ©HUlEj^^W^ffl' 
^- (TNE' ) ^*DV^Tifi|iI-r^-^^#m^-r5f»^l fctB*W>^=« — 3r + 
>-i?/HglS (ECD) o 

[ff^JSl 2] m^*^? h/Wfcfrk^ tufB^ffif^- (TNE, TNE' 

fg{f-§- (TNE, TNE' ) ^^ttS^^EPB^C^V^-C^T^tb, — fufE 

s^mt-^- (rfe) ^Mai-^BffiE^-<^ b/^^m^n-r^xcD^mxmn 
tsfr&^t%wmt^zm&mi iizmm<7)^^—* j r>''te'i'mw: (ecd) „ 
[W^i3] tfo%e>nm^='~-&-rx?-t'<< rnm^rnm^- (rfe) ^ 

h/^^*3V^TtfrlE7>r/i'^^W^-^ (TNE' ) ^It^Sr 
#*n-T?)$l^^#^ (N GM' ; AR, ADD 2) & £ bi^tf^ i: £«RMK£ 

-rzm^mi xit.m^mi ifcmm<D^=t~ =^>-i?/i^g (ecd) 0 

[»M14] ilff (TELE) ^^^ffff^-^ h (TRU) 
(^SgffzL-^h (rx) (CJ; V&m Ztlf^mm^- (RFE) ^\ itufB^S: 
h (TRU) cD^ff^^5/h (TX) (^t5r^aoti4t 
3^3 — ^^r-v — ^ ^ir/l^Sfi (ECD) Xfo^X^ 

a) ffjfE^f^^^h (RC, SP, RCRT) fb TtulBollf ;y h (TR 
. MC, TCRT) ^©^fe»it (H) £3f5£U StllB^ ^ tbfc^fe^ 

gsfgc (h) ^ffl^-ctfjiE^fff-^ (rfe) %f&mi-?>fcmmmm7gm (est 

s H) t > 

b) tufB^mt-^ (RFE) ^ftjfa^f^-^^ h (MC, TCRT) 
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tfr&m-t 5" —m^^^mm\m^- (tne) ^^M^©tftftt 

(R F E ' ) (ADD) 

c) mw$M%$ (add) d^©w^flr#t-*5»t5aie3i=— sr«uBE-i-*2ie 

d) tfrffiaftSM— #jjEE3i (g) teiaSHt^yh (tr, tcrt) m 

ioTaUff ^tLfci^tm-^ (TNE, TNE' ) &31*5tf 5 ffflEW^f %<T>*^9 
h/ls&ft&1fflEMW& (ADD) OfuffiM}f§ffffi^ (TNE' ) 121*31 ^ Tit 

spr^^-f/v^iBafe (g) (g) ^ti^t^mm 

[ft^il 1 5 ] fulE^f flr# (R F E) ^ffffB^ff ^ 5/ b (MC, T C 

rt) ics^-r s ^itio t^^-t 3 -ft -^-a tpftfrfE^t ft-5§- (tne 

) , ffjfB^S^^^mt-§- (R F E ' ) ^^tf]fEM»^^m^lf-a- (TNE' ) 

<D'J?-te< Hio^jfU m^off -§•<£> 5 l J^-L^f-^a^^-cW^f 
^-o^-y/wSrfUfb, iifrfEirJMf-§-<z>*^ hfrf&ft&ffiWr^K. BtffBffH*£ 
tL/tWft-ff -§-<»^^VK3:K-3v^rMfS^W^ 3 — 7 4/^9 (G) <DHtf|B7-r/v^ 

(g) SrK^-t-SKPJWt^^fHIE^S; (CTL) Jt^-te^b^mmk-r 
5»3fc:"Sl 4}c|B^<D^3 — 3^>"ir/i^« (ECD) 0 

[HM16] ffjfEWJHf^^ff-jf^ (CTL) tt, iufE^-ffi- 

■^•^^tpffjfB^mf-i- (tne) ^^ttjfaM^^m^if-^ (tne' ) <e>4>& 

< lot^i^f^T^f^ ^^^mm-r^^mm^ (vad) 

, ttjsB^^ffl^ (vad) timmm^m^x\,^-fth<D^T?^^^^-k 

UtilUi/^tn©^ itrfEW^f^^v^^ff»^ (ctl) as, tuisw 

;umm (ecd) „ 

m&mi 7] mmnm^^^^mm (g) ^ t&ie^iMs (add) <d 
mmmm*>m& (tne' ) a^tufssifft-^ (rfe) km-tz^^? 

©^n — ^-Y^-fe/^S: (ECD) 0 

[ff^iiis] tufB^mt^ (rfe) ^ma-r^*^ h/^mm^m^ 



(7) if 2 0 0 3-5 0 6 9 2 4 

xmu^j^piDmMm^m^mv-r&m^Qi^Wi (ngm' ; ar, a 
dd2) b\^t?^t%mwLtirz>m>&mi 4xi«si 7khe*o" 

— ^^^-fe/V^e (ECD) o 

[ft^iI19] iiff^^^i^ (TELE) <Di^Sff^^— S> h (TRU) 
i^^nSSII^^S' h (RX) ili ^if ^tLfcgftff-^- (RFE) fl5 % bubH 

an^ff^^^h (tru) cD^t^-^^h (tx) ^tsr^aotn 

tt^i^- Sr^^i^-fe/W-S^a— ^^^-fe/^S (ECD) t&ot, 

a) HUlB^f^.— y h (RC, SP, RCRT) ^ £ HU iB^fs ^- — y h (TR 
, MC, TCRT) ^©g^»if (H) £ttJ£U fl9IB«lj£$^yt3Sf^e3S 

(h) ^m^^xmm^mm^ (rfe) ^Mit^eiitit^ (est 

, H) t, 

b) ff)fB^fff# (RFE) ^ftfie^ff^^y b (MC, TCRT) izffi^-f 

&^t{z.mm~fz>^=i—tB-%-%:^Asfcmmm%- (tne) ^t^ifwsifit^ 

(RFE' ) (ADD) t, 

c) itfrfE«H#ff (ADD) frib<DttiJjm%rfc$5i?Z1&m^= 1 — &Wl&'tZJ&& 

a) Htrisaw^^-Wiff^ (c) Ri^^-f/v^M^ (g) &^r-r53S@^ 
^-^^7^^ (g) t, mm=^^—^^^^-r-<<. mrfESffit-^- (rfe) ^ 

-tZm^ft^Bl (NGM' ; AR, ADD 2) b&^t?^. b&Wtikk-fZ)^^ 
— =^>-i?/H£S (ECD) 0 

[ff*il2 0] tulE^Wf-^- (RFE) , ffrfBSfflf-^ (RFE) ^ffjf fi 
^{f^-vyh (MC, TCRT) t § ^ t ^ i o t f 4t 5x3 -ff f ^ 

^tewmmtm^- (tne) , tfrfa^M^^mt-i- (rfe' ) m$mmm 

fOlilM^ (TNE' ) ©/>/£<Hlo^lHU tutSll ^ 5 1 i^-bO 

ff#^^v^TtuiBSff« # (rfe) tcgi^-rs^^ h/H^&tHH-s* 

^ h/H$#ff3l^l£ (CTL) «r£tfr ^^r#m^-r5«*^l 9 l-IE«<£>^ 
3 — ^-r^-ir/P^g (ECD) 0 

[t»*ii2i] wmy^^zmm. (g) ^iiii^/^^ l« 
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-t-<<mm^& (ctd tzx-oxm^zn&z. t&wmb-r&m^mi 9khe 

t©i3- =^ >"fc/i^ff (ECD) o 

[|»*II2 2] tufS^^^ (N GM' ) tt, Stir^^ (NG) K 
«fc OWttStLSAR^^/VJ-^S' b (AR) H&fE^®^" — & 

IWW-f-SWiai^-^y h (AD J) Sr&irr i-3»Jft^l 9 KHE*£<£>^ 

^ — ^r-r^ir/^fi (ECD) „ 

[ff*Il2 3] J ^ZWm. (g) BUfE«»^ (ADD) CD 

tfjfB^jf^m^ (t n e ' ) ^hmm^mm-^ (rfe) uiiwjg-rs*^ 

^r-Y^ir^Sff (ECD) o 

[»*^2 4] IfrfSBl^v'^/^^Mm (g) tt, fulE^f"s/h (TR 

, tcrt) iaotift ^tu^anmm-^- (tne, tne' ) iz&i-f zmmrn 
am&'Dx^? h/i-mft&mm&wm (add) <DBfjta«#^m^ (tne' ) 

K *3 V > T 1# ffii" 3fc#>^t> JSffl fc 5 - £ £ £ "t" 3 ft 3ft9( 1 9Xttf»^ 

3g2 3^SB^C0^=t — ^ ^±^mW (ECD) 0 

§£S (EC) %^&x£%:<m^~ry h (TRU) tfeot, 

itufBSff^-^h (RX ; SP) f* % tufBSfflf-^- (RFE) &tiit)-tZ>*K° 
— # (SP) £r^, HUfE^fB^^S' b (TR ;MC) ttjfB^ff fg# (TN 

E) ^4it^^7^y (MC) itjffi^-jf-^f^ SfjfE^t 0 - 

# (sp) tmtz^4? (mc) £ (D^Wfts&^&m ur§l#^r £tt 

^ir/^« (ECD) md.=c-=* — *r (ECD) ^TSfEKteflt?- 
S^^-JH-bSS (COD) i^^tf^i:^#!t^-r5^ff^-5/ b (TRU 

) o 



(9) 



# ^ 2003-506924 



[0 0 0 1] 

m sss t-^^-r s ^ =« — sr ^ -ytetv-r z> „ 

[0 0 0 2] 

^^zn — (residual echo) ^^^-T S - £ £ @ ftj £ "f &o 
[0 0 0 3] 

RU«, fl5(5(7)^=i — dr^^ir^EC^r^-r^n $/ ^ !U 1? 5 0 TyrtANT 

r x x*mm ztiZo &mmm& rcr Ts^at^D ecod »sff ft d 

KL*5l>T, frlfttDECODttftfRFE' ' ' ^^tbS'lf^^^ 
?rff^(reconpose)-r§ (HI 1 ^#$1) „ ^©t^©S4ttt^WDEC 

3t$S& (far end) hi^SflTU frf§# R F E % "aSSM^ (far end 

signal)" N iftj{ft(near end)i£g{*^-S/ h^^^^^f^^^ 
£^£{11 "^jfaff^B^- (transmitted near end signal)" t hm 5 o 
[0 0 0 4] 

#t@2- 1 «B&#J^-f-£ 5 K\ ISfttRFEttiSft^y MR 



(10) if 2 0 0 3-5 0 6 9 24 

^{a-^R f e -7^19 agi-p^-^^i^Wc-r s 0 

A;Miif§^^^^TELE<D}5£A^\ #^GSM(Global System for Mobile 
Communication) v-*-r ^*3V^T, iUffif^-TNE' N TFEIlIKIf^ 

rt^ft^tt^So ^oT, 7 y r t A N T Lfc iillf ii^: © i 9 
[0 0 0 5] 

[0 0 0 6] 

EST, HS:U ? «f^ADD^|ft5^= 1 - :3 r•tyi^/^SttEC^v^^i^5 ( 
H2-l§r#BBJ o ^Mi»^EST\ Htt$|f^-7bRC^ 

E^ti^^tLfc^fE^p«Ht ^ tic^si-^o mzL. ^-m^^M-r^m 

%mfeirZ> 0 7^;^fflM^RFE' f^f ^ADDt*JV^T, Sit it F 
9 x xn- ^f^^-fe^EC^^cOttS^ff^-TNE' ^*5(tSS^f-^RFEC0^ 
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[0 0 0 7] 

fi^^jcr! — dr^^/W^a-Cfi, I9flt (return signal) ^^^^^"TS n 

# s p&tfw *MCtf>wowwi£^&^£fc^^#fc^- ttc:*> So 

BEiJI^^ 3 ' — <£> — $|3fiJI!E&£i|^ir ^"CV^ <5 <£>"T?„ 3t^^3St)ro$P^«r "a© 
t£oT, 8§fttTNE' ^S^ff^S^T 5 t> 

^ai#t n e ' tt s a® n — £#pj±-f s fc * ©fttra e«j = -#pJ£I# 

It, KT(^it5 0 
[0 0 0 8] 

(f»M2 : GSMf^Wtfft) 

/Hb^J£<^V^e>ix5^4fef4, L. R. Rabiner, R. W. SchaferfCtS 

X -Y v 5 ^/^! (Digital Processing of Speech Signals) J „ Prentice Hall, E 

nglewood Cliffs, NJ, 1978}dtfe^ *^TV^5 0 Af*^-^ f£#<D Ml® 

iwi ^ ^vw^-r § ^ xV^^ff #«yffin: *3 v ^ t u fi l ism v ^ tt s 0 ro^f 

1) ^fj*ff-§\ ^fif" a" cD^ffll^tt5^/^^J 

2) M£lf^\ 0U*.fc£" s" (D^fflt^'biLS^Vl^^J 
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[0 0 0 9] 

mi-stR-m*^ <t t> s^4tof?*4*ts - nmx&% 0 

[0010] 

(FR) 3 — ^^fflV^tbSo FR=» — ^/^jajjgSJWf'ay (Re 
gular Pulse Excitation-Long Term Prediction: R P E - L T P ) %f-Wik$& t 
titls ^J^^^GSM'tfctR♦GSM06.10^^3V^TSftM$^^-CV^5 o J^T, 131: 

[0011] 

A^t^^TNE' (D !7 I/' — A (GSMt'ftl71/-A^l 6 0fy//K* 
m&ZtiZ) ^XLffc^ — ^t>"fe7EC*»f)H}*^5fftTNE' 
5£~C\ ?f^«A7J^;t btt5 0 A^ttBI3ti:d3V^COD-AR^*$tt5 

~?V yy(Toeplitz)fl|3i«:ftlJH, fiP^, J. G. ProakisSTfl). G. Manolakisld «t 5 T 
T>f^/Hff^I:IIs T/W=^y XAXt/JCSffi (Digital Signal Processing 
: Principles, algorithms and applications) J Macmillan, publishing compan 
y, New York, 2nd edition, 1992 Mf&W «t 5 ^v^Ttel'JifKShure recursi 

on)^v^5r^tao-c it j& $ n s o r <r> m ffi m t tb s « 

[0012] 
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mim^<Dmm^&ftt£)±m&ia*ttj&ist£^\ j±ms£&mM-rztL&, gsmf 

Mo 

[0013] 

m-V- ^yy^S tbfcBW^B EXS, AR7-f/^ L A R P Slt^f 

tbS 0 refill 3 izio^^xy u~-j*s<y*^y&F PD(a t) mf££*t5o v^< 
od^flfcofiiSfct^/t^^ Ai^ftbttS^, g smo6. iom^-rtftK£ 

[0014] 
[0015] 

±.&<DmmfeG SM- F R^W-SHb^Sr r < l^fcfifc: L 5 „ 77 ^/V 

#ig5£ (denominator polynomial) Kl^fr 5 < > !3tLARP^$ 

tlSLAR (Log Area Ratio) /-^^—^ <h ttllf £*t5 0 
[0016] 

^ttl^COD-VAD^tM^^^o _h3£Ufcfc*5tK ^3t^gBtH» (A 
R) *f /Hii t) COD-ARa=y M:*JV^"C ; e7 f /l"(lS$il5, t£oT, AR 

^ftv w-hF&yj/i'?) ©^7 ^ - ^ l ar Pit^aeif ttitsf Se 
xsasstttK^fM^-—!/ Meant 3 at 3 „ 

[0017] 
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m 1 ^-T£ AR^7^ ^LARP^Sb*3{f-^'(f#EXS^tP^: 

fmt^-REF' ' »7l/^^7yrtANT, 7yTt^-f -yf SW^ft 

[0018] 

frV^&^JWW (speech pauses), gP^ifiSS^ffff ^§"T N E ^j^^ LftV>ffl 

|x:W^*5V>-C, tlitil i£f-tW^trffftfCOD« x f^fftfCOD 
(C^^tLTc^^tH^ (VAD) COD-VADC iotll^S^iff 
^e— K (DTX) hmSivZ^— KHA5 0 DTX-^e-^- KftefN^^oi^Ts t» 
-^-fb^ttW*^ £ff #"fb^ ny^rt©AR ^7vWb§§ C O D - A R V >T^F 
fftf§ 0 L^U DTX^- K^*5V^T, ^-^-fb^tbfc^^^— M, 
^ -7 ^ ^ F P D t fc^-Ciff^ ^ !) 7°^ (SID) t mStlZ><W%\te7 U 
— J*\Z.^y^^?^flZ> 0 GSM7°aM^fi5^7MCRTft V^o N 
(TDMAflli^V^) ifwt?, S I D7U-AiSTyftANT^Ltl 

[0019] 

J: 19 Affcftjtdfju GSMi^(j-5VADttGSM06. 32lZ$3\,^XMfe£nX$5 
tii-rSo GSM-?JilMbtL5VADtt. MtEM-Sr^m-rSfctf). TNE 



(15) #^2 0 0 3-5 0 6 9 2 4 

t*Mft^7^- * S P P AR^iitSo VADIt ^^#^^"3^ 
M^-CfcS^^^-r/c^, HI 3 KljSV^VF LG i^$tb^0ffiVAD^^^?r 

) WUaMM : kR^2>Z.ti>i°V%Z>o S I D7^A.©fiJffittGSM©I?7n b 
[0 0 2 0] 

^^tB^Dx., #J*tfcffi$&COD-VADttA;*7fB# (TNEXiiTNE' 
) (PjSWttSrJi^U i ©Ifflttfi V A D 7 7 ^ V F L G ?rt£t 5 ^ f> ^ 
zmWr^mkte&o h L77^VFLG©Mttio-t^^ti5J: 5 i'TNE 

^ U y°$ S I D7U-.^S:7V-^y^y^F P D^*5V>T3#JEifei"So S I 
D7U--^ttglCOD-ARtioTftI^^fc7^;V?iiLARP©^ 

[0 0 2 1 ] 

^oT, VAD77^VFLG^tf§|itV^f^ gfCOD-ARi^ 
OAR/^7^^, SP^^it/N 0 ^^-^^^^^^^-^ LT^tbS S I 
D7f-A^f)tl5o f^WiiflfTNE' (D«-A7J7 ^^l^tt 
fiWSrE&f^U ^7W-ATFE' (^XI4SID7WA) SrS^fifc'f"* 
<t5-C*5o L*»U *^-^fb*OtH^7«Ss I D71 — A©*§£\ G SM7n 
h=/W2, ff-^TFE^^^S^-rS S I D 7 V- AOMS* SrfiT* *5 i i 
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[0 0 2 2] 

t^tf ft^D E C O D tt0 4 © 7 I— AT^y^y^FUDm^, 0f 

m^^y^~ hy-rxi its i D^u-A^TWy^ts. ^ot, 

l^TRUtll AR^VTFWt, WiilfMf ftf DECOD (0 
4) ftX\ ll^f^j/ hRXrttfeftSMlf (PN) MPNG 
e«^}-i:oT,IE«]^^5o ^M^mmm (PST 

n) (7)msg^*5v^Taft^»-r?>##^«, t^tft^coD, 

ECO D&OTM^J&gg PNG MSEg b T & «t V \ 

[0 0 2 3] 

0 2 - 2&^2 - 3 fC^-f-J: 5 ^ DTX^ K^*5V^T^-^±izli L/C J: 5 

[0 0 2 4] 

lZ.m&-rZ (0 2-3) o 

I I) mt>VK, trf f ©Alit^tffttt 5 i 5, 

f CODtt+TODTX^KtA^ S I D7 ^cD^j5fe^^^i-5 (0 
2-2) o 
[0 0 2 5] 

^xn-^t^/^Sluittii, {^#nIfg^2o(Z)77feI , I I £raB 
[0 0 2 6] 

(^^71 : SI A— CD^^: : 0 2-3) 

aa^ajT-ii^w^^ l & v ^-^-efco x h , ^n-^itrn cod ©atj 
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[0 0 2 7] 

DTX^ K^*5V^r, VADIiVAD77^VF L GSr^ UT3tJBS^fll# 
M2 - 3^£;Tl£MS I DMil^OS I D7^i^MSMS I Dtd*5 

[0 0 2 8] 
[0 0 2 9] 

i4(OTti5t, t?Miit?ft{t:f D e c o D(u*5v^, 2WM<vm 
^■36Sffiv^e>4^5 0 fip*> x BUfcfettS;*^ A77^^7^FU 
t^m^im^=- ^MRUm^ # W-^Hb^ COD T^^t £ tt 5 ^^^b 
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[0 0 3 0] 

(?4^2 :Mffit«:l2-2) 
[0 0 3 1 ] 

£3£j£U AR^f/^=y bAR£iE»i-5«£j&^NG£, A/D^$l£ 
ttfc (ffffB^^-ff-^^'atp) ^mf#TNE£SfaU AR^f/^^^bA 
R ft 5 fulBA R ^e^Vv^r ft ^ A R - P A R «k o T$iJfp-T 5 W;i:t£^ 

fBEST^ (a@^^-^tf) ^fMlfcU^fi-^TNE' £Sff U ftJfPffi 
^1 -e (no-talk) NT ?/f SW2^tilM5tM^VADX 
U\ SlJOVADm^fH-^-efc5it^tD^ig(far-end-single-talk) FESTt 

* V-fc ^EC^)^CDtB^/^> 12 (Dm V #^^tg ATr^filfE A R y 

GM^ft5„ gfBE S Tttltf TNE(cM«t?^^^i^i^* 

SW2^ICtgtBEST^ii^tb, NT^Wf^ (^fS^) 

ttj^vAD tzn^tm cod A/-c t> , W#-fbB COD <£>*Mc:15W b ii-c 

[0 0 3 2] 
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[0 0 3 3] 

1. ififfiWjfr&tfW^at^tf^ #7^- M.^ioi'f^^/U^n^r^m (PCM) u- 

So 

3. ifi^^^jhb, = — &"0«-€r«)*t*fc LTO^xn- afetNdlTJSratW 
[0 0 3 4] 

^r-^ 1 ^*3V^Ttt, VAD{f^FEST«l)5fc^ 02-2^02 
- 3 \^7F-t^4 yfSWl J3{£«B^i?s/ h £tL3 0 :©i^ Tlff^-^^hT 

St^ji:^ f^f^ft^COD^x.P)tL5„ VADffl^f-^NTtt{& (#fg 
4i) ^fc5fc#>, i2-2t^tt5SiJ^^^i/f SW2«itftfe5o 
[0 0 3 5] 

tr— ^ 2 ^^Ttt, HI 2 - 2$lOT 2-3 ^-f^^f yfSWl S&fAX 
fiBif^^-e^, VADffifFESTttitfcSo ^ ^(swithes) JiliZlfiB 

5£lJ<D*-f ^SW2J±^&g^&5o ^O^^V^T, 8fBEST« 

[0 0 3 6] 

fffTNE' t^f§ 0 ^r-^3^joV>-C. ftfFESTIiS-e&Sfc*, HI 
2 - 2 R.T$m 2 - 3 <D^-f 5/fSWl StttAlIt y h Wh, 0 2-2 

2-3 I^^Tfl^COD^ClfftttifNGMS^/XttgtMS I D 



(20) 2003-506924 

, *3-tb<^=i — ^tV-fe5EC*^©ttl*TNE' £fflV\ 02-2<7)AR^ 

fc#>, f^7 1/-A|4MS IDIUotSI D7W-A?rMt5J; 5K1Skft& 

5££;&S3#<*;ft,3 0 L*»U 121 3 {ZTjktstiZmma^E X S icit^fS^H 

r t^RTI6"^*)Sr ^Sr»«L , ri3<'<#-e*>5 5o ^(D^(cj;t9, DTXi 
f£6D&v^;*xi^l2] 2-3 ^rfflV^S^ £tfS"T?#5o V ADttiTMf -S§-NTte$l7? 
, [21 2 - 2 ^*5»tSSiJO^-< yfSW2 ttitttfcSo 
[0 0 3 7] 

_hizRcD^r— ^1. ~4. (DV>i*tl/^*5V^Tti % MyfSWltt 

[0 0 3 8] 

?£oT, 1212- 2 (^7^2) <£>4frg\ #W-^fb»COD«:^^-=J/ M 

^b*CODtt-twJ;5'fe^ : « , **tWSrtftai-rSi:, gft^DTX^ K-A 

So 

[0 0 3 9] 
[0 0 4 0] 

(^*S#f5 : ^^P^Ci^ (published documents)) 
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kt», am ts tifc«g«itiim* xmm i^x^t^^t t»it#it 

[0 0 4 1] 

^H4#fHJS 5, 563, 9441C |4 N tt^na^rn — WHWSSilrtS^a — >"fc/Hg 

^ 3 - u^;vmm^t^mm ^fh^mmm^-^^^xmmm^mm-i-^tz.^ 

[0 0 4 2] 

mimvfmmp o 884 886 Azmuwt^mm^m&m^^^^—^^^-t?* 

[0 0 4 3] 

B7M#fF &MWiM (patent abstracts of Japan) JP 63-42527^ tt, iJ^^T — 
[0 0 4 4] 

*B#fFUS 5, 721,730te, Mfc-tZ^-T'/O' \?mm-AJjit^r, ^ KS 



(22) 2003-506924 

[0 0 4 5] 

*S4#fftfS 5, 283, 784fi^f A*ft#, Sf& A^ff #XWJB!l^=a— flT#*i^ 
fl^n-fc ^f-Xtt-fe^^ — ^ y 3"* (center clipper) % £ fcM^ $ 

[0 0 4 6] 

^B#fFUS 5, 222, 251^lI^US 5,646, 991« s #W^b^tf>#tt£$lg3i3 — 
[0 0 4 7] 

B12-2 tOg|*^*3V^-C, US 5, 222, 251{i®ff^fi^J;oT^^tL?>^^ 

m^m3^irW^mcoD<D\^irth^M^^<^^m^^X\^^\ us 5 

,222,25mi£fc N ^frmm^-y h t RK^^xmm ^tix^^^^m^ 



(23) 
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[0 0 4 8] 

&\Z. S xn-drtyiry (7) tU^{f -^(-^H^e^f #?r^P X. % (impress) tz. $> 

[0 0 4 9] 
[0 0 5 0] 
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[0 0 5 1 ] 

o 

[0 0 5 2] 

^ir/^fi (ffi^ill) -C&o-C, WIE^f^-— ^ h^^fufB^if^^^ 
It^fiiSWSi:, ftrSSSftif fulfill s> h MS££"f-5 ^ t Kfi 

[0 0 5 3] 



(25) 2003-506924 

^ol^ 3, y a)%:\t=>-- y b £ «9 Sit £ tLfc^ftff mm^\t^- y V <D 

Mu<to Tatfflt $ Hfc^mt #1:1*3 it 5 tfrfE«««^ h /Wfc#«rltHBi- 
[0 0 5 4] 

*JH^0Jom3cD||^^J;ix«\ rtiSWte, iUfv^T^ (TELE) Kl« 

5^3 — ^-r^-fe/i^g (t»jjttfil9) "C^oT, litjfESfB^- — y bfl»bfctHE3£ 

fESte {f #&#yffl"*-54S£BMfc*£J£«§ t , ifffESif *t#^iiiJiE^f y h ^jg 
^-TS r £ ^SH-rs^-ft #£r*aA/fa£{fffi ^^^Ii©gltfl #£MH 

[0 0 5 5] 



(26) 2003-506924 

^mmma-i, mm^m^m^nxmrnztifcwm, ^m^mcom^t ltie 

[0 0 5 6] 
[0 0 5 7] 

fc-5 0 I(7)x3-^ t yir;^f ECDtt, HI 1 $5 it^HI 2 — 1 LfCcfc 5 & 
xn^dr t yi?7EC^<t9i, $j«CTL, "7 ^ A- ^ G , ^~ 

■^v-a^i: Lt«^Df ^ADD 2^1 roxn-^t^gfE 

ft^CODtlf)ti5iii*^t5 0 0 1 K&^^XffcmXTjk&tb&m 

2 - 2*5it/[ll 2-3 ^#§f^5l5S#f(7)^n ^^f±/^< T t>J:V\, 

t/v^ayj: U(7)ADD 2 £ili§1-5^-f ^P7^y{ftTNEtt, rcn — ^ 
[0 0 5 8] 

m 5 - 0*5^1^(11 5 - 1 tt, *l§SJf<7)fg 1 (DmMMMlZtol-f&^^ — lc^^^ 

;^lECD^^ti-Cfe5 0 HI 5 - 1 fcTF-fk o r©Il©IlflT1i 
WADD2ttftiL^v\ fcfcU 0 l £HI2- 1 ir^it^^t^S <£ 5 

Ei5-o(c:p*bTEi5- i K7jk&ti&mi<vMiM]&Wite, femmmm^ 
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EST, H^fitfe, i»DD, ^if^ffiT^f^TNE' KSSttSgg©" 
- -^n&r 5 7c KiiAD $ 6 25©^ 3 -#pF£3§ G SrflS *. 5 „ 
[0 0 5 9] 

SKI 0D^Jfi^t8^S3V>'C, = — «UEES&Gt±, «»*ADD©ai^flr#T 

ic&^xn* mm^mcTLfe, sitfmFE, sftm-^RFEfDaum^--^ 

h T R ^ Wje^m jgH-r -5 ^ =a — (f # tf j£flTf3 # T N E v £ Hfc^t If 

[0 0 6 0] 

WW&frff-IM^C T L ^At)1r& 4 o<7Mf #©v>i"ttd*H:^<J#3»e^=»— 

NE' fc^-^J*-^ h/^^^f+»i-§^^«> W^WSVADdS-tbfe 
[0 0 6 1 ] 

^ © yvW d o v n x t& -=£ ft PI $ ti 3 t> <o X ft v \ 



(28) 



2&m 2003-506924 



[0 0 6 2] 

m#SrSem"f-«wi:-e*>5o #*L<tt* IffRFE' tc3£<3v>-C, f+IT£n3 
j5fc^stH|CS*L5o ^£ 5 KILT*'** h/W&#fhll#l^*^ WWfc#«r 

[0 0 6 3] 

liRFEtKtiFRE' , tfS&#£;ft,5o £*T* ^(D\t^ "X" ir^fE-r^ 

o 

[0 0 6 4] 

a) AR (AutoRegressive) ^E'rVK ARX (AutoRegressive eXoge 
nous) ^E-TVK ARM A (AutoRegressive Moving Average) ■=E"TVK ^CDi&M 

b ) Mc:7-y ^m) % ^^-^1/5/ h^m^^f-J; 

[0 0 6 5] 

^rff^-rSo AcD^tv^ "G" ^-TS 0 
[0 0 6 6] 

[0 0 6 7] 



(29) 4#Sf 2003-506924 

h^J$ft(DmMfctiim&tl? R F E ' , TNE, T N E ' (D 

[0 0 6 8] 

($J;L«\ El 5 - 1 ^*dV^T, M^^-=-v hAD J ^mfoteG&m^-tZ 
i5il^t5VAD^//Vh-^fftDT) c -*U*s ^A-h-^m^H 
STlftft^V/H* — £#>tB Lfc £ # (R FEfcit;TNE^t^^^v>5^ 
i^«*-T5) , i~-<TOMl«^iii!i-r5 £ o\C7 ^ 1 ir-TS^ 

[0 0 6 9] 

V^r. i:^SEStStLytV\ ^{f^RFE^ff^-efctb^ ieffiftfRFE©x^ 

■So 

[0 0 7 0] 

i«ff^i«^f5GilJ;5l7^;^lt ^{f-i-^^bfc^^^ h/V 
[0 0 7 1 ] 



(30) <&St 2003-506924 

[0 0 7 2] 

ARii@tf>:/^ y^ai?y^^*SSr^UTV>5|g7 fcL&l^T, ^Jl^e (n) 

JddSV-CO^ mjjit^yirdtevSWLMXlb&o m 5 - 0 3= fete: 121 5 - 1 &C*f IT 
, WfyWliRFEffciiRFE' (&5V^ h Z> 

/i^A~ 1 (z)&^fS#<z>j*SI:7^/i'* i^i-r ^^-e#6 t fcv^x.5o bfc^ 
oT, y(n)^RFEit5rW^|5„ ft #e (n) aS3*flMS#tf>Ii&j£fflr# £ 

[0 0 7 3] 

s#fe^pjb^(--r^fc^, m^7y(n)SrARjae^<R3£-rsi rttte 

[0 0 7 4] 

So ARii@y(n)tt, 6 feltlge (n) 5 ^2^^ T A A _1 (z) t i o 1 4jt 
[0 0 7 5] 

*&<DARiflgfi&^"T?J£S&£;iT/5o 
[0 0 7 6] 
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y(n) - 2 a *y( n - *) + e <") = 



g(») 




CD 



[0 0 7 7] 

ifitttV^^f), e"(n)=y(n)-y"(n;a) ($£ : aftt^ldT^^ WWSr*-t"o 
[0 0 7 8] 

a r =|a« <r w ]. (2) 

[0 0 7 9] 

[0 0 8 0] 

A(q;a) = l-£ Q r m (r"" • (3) 



[0 0 8 1 ] 

y(n)K:#5*R3I^A~(q;a)£ffll^5;i £K«fc 9 , l**Jn-l*"X?«ai$tt^:jflSy( 
n)©tdS^v^, (3) t&z. *3 ft S fP & y (n) <£> £ «f #1 £ 
m:\ A"( q ;a)(i, [215 -0*5J;t> 4 El5 - l i:^^ti57^;^Gf: 

[0 0 8 2] 

$✓7 h^^-(DSm*5J:^S^*i^^> H8S»-y(n)<D7— y^lfe^ffi^-TS 



[0 0 8 3] 
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[0 0 8 4] 

^7.f As^/* 9 ?} — $ <D¥fcfe\Z.O\^X\X^ #!lXLffs ffr^^Proakis, ManolakisM 
, LMS (Least Mean Square) 7;V=fyX^©i5^M$(aott)iS 

[0 0 8 5] 

r(a) = £|^( W )-j>(n;a)) 2 } (4) 

[0 0 8 6] 

fcfcU y(n)fi, ^Jn-l^-C^-^X.^nfc-^>-^<7)ti^s#-efe6 0 (4);£ 

fts: ^srfltntJ:i"Sj»^iia«"Tf*>So mm, 3v(a)/a a =ot^i§ii2) 

^<Z?»v/^xA?r»< r i:Wb*i5o LMSgllt 

#J3E£f ($JE#0 bteot' b%fcfeikirZ>) ^^(t^^JiaWJ^-rSo S. Hayki 

n ^£3, r^J^;^ Y/^^SSm (Adaptive Filter Theory) J (Prentice Hall, 

Englewood Cliffs, NJ, 1991) , P. E. Gill, W. Murray, M. H. Wright \Z& 
<£> tWcTMit^MWk (Practical Optimization) J (Academic press, London 198 
1) &&m o CltLf*, ^-C^k^tl^o 

[0 0 8 7] 

a(«) = a(n-l)-// ^ IL , (5) 

oa 



[0 0 8 8] 



(33) 2003-506924 

^|ft{*-r^fcfe^iiS^^feSr fctt, S. Haykin «t 5 > ^Mfo? 4 >V$M 
fm (Adaptive Filter Theory) J (Prentice Hall, Englewood Cliffs, NJ, 199 
1) tek££«9, 
[0 0 8 9] 

[0 0 9 0] 

a(«) = a(n - 1) - /#(« - - y (« - l)a r ) , ( 6 ) 

where y T (n - 1) = -1) j/(«-M-I)]. 

[0 0 9 1 ] 
[0 0 9 2] 

i:jjS-ef?5o f-eiMUcJ:5^ W%(n)(iRFEf fcdRFE' 
J&U A"(q;a)tt, 0 5 - 0 *5 «t 5 - 1 fc^Lfc:7-f /V* Gfc*tJ£*r5o X 

[0 0 9 3] 

h y «, ^ G- s e-7 f /KO«IW) 
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5 r t \zl X. 5 W^<D^m-r? Mff-T 5 - £ fcl <fc O T) *T <D&W& ffl - 

[0 0 9 4] 

S 1 . G old (q) = 0_ 

52. 7>f/V*G old (q)tf>K^#&thJH"5 

53. frfc^ATJ^l— A (^^^160-^^^/1^) fc:2£<5#:7^*G new (q) 
S 4. 7>f /u*G old (q) iG neT (q) ^lx^©HltiiW?:^*I^^t 

K) -CHe-To :©t?hH:> G old (q)^^G new (q)*^^^_L^^Sr*2p 

56. &M&WL(r>W.\<v^v ■f-j5c*3'feG old (q)fc^jfi:-t-S-fey 

57. r 3 (/cfcU 0 = 2, K) ©tyh^fflV^ ^N/KfyT" 

58. G old (q)-G new (q) t Lt, ^T>7 7°S2tI5 
[0 0 9 5] 

[0 0 9 6] 

[0 0 9 7] 
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E, R F E ' , TNE, T N E ' vf t^^JEI - 5o ^ — £^tHf ^ 

T N E ' ^fc{*TNE^M^bV\ _h3z&bfc^*5<9, ff -^T N E ^ fc«T N E ' 
-T 5 #13T K fi , i£$SHi-5§-<z> W J* EM W7>f;^ M#:cD ff-m tfSff fc>*b 5 

[0 0 9 8] 

U a^^Mf-^^^tP«»^m^lH^-TNE' , ^fc(i, xaHf^-^tf 
SlflifTNE, «7-!)i»FT^^ ^mS-§-RFE(DBIi^^-y 

[0 0 9 9] 

Tica, ) = Af (», ) - a*X<y f ) ' {7) 
[0100] 

Xfi^tt^tb, (T N E ' tfcliTNE) ^^•tpff^-^gim^-y ^ 

^m^it^aa^f-i- (RFE) t*fj£t5 0 ^(5) «t 0 HCf - * s 

[0101] 



[0102] 




(8) 
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[0103] 
[0104] 

CD ~C # <5 CO =fc 5 ^•^T^/Wis MxJ3\ T. Soderstrora, P. Stoikai;! <£ ^> 
^y^J^fulftz (system identification) J (Prentice-Hall International, Lond 
on, UK, 1998) ^m^£*LT^3o it it^^r AH^CD^Sf ^43V^T 

T N E ' iztetf zmiffiim^RF E\z.m% *^<? b/W»«£*3co^ffli^r 

[0105] 
[0106] 

_L3£LfcJ;5^ ff-S§-TNE*fcf*ft#TNE' Srft ^-R F E h 
\z.mtfe-f&£o \z.^ 15-1 M^LfcJ; 5 ^KfVADMI-Cfc5 0 

[0107] 
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Kltfs-fSiiflBJfiSS (Far End ESTimator) FEEST^y Hi, iilf(l)- 

(6)^(d j: >9 , ^Mijoft ^(D^^? h/^wi^m^-r^o m 5 - 1 ft ^- 

m^h-Ch&o ^7c, iNVt J:(iii5J--5/ h^Sltbti, 

/W* (3) L 7c J: 5 & v- * ^ A 1^1 Wife ffl V ^ S r «h "C# b tt 5 r £ ^ h 

^FEESTfcit;iNVfi^^^ h/W$#f+»#l£^J$U ^TbT, {^IE^ 
^^/h (adjustment unit) ADJ^\ MfGCiaot, th^^Tc^ 
/v* G (D 7 ^ * #>ifc<7>l£ £ H § r £ & 5o 
[0108] 

VVkm&&WtS*iZ> 0 p-fAsY — ir (DT) *5 J:TJ?^v-^^/v b-^ (F 
EST) ?f¥lJif-r§fcfe^, VADttigaW(-tt2 0(D'ff-§-^^IJffi-r6o VAD 

R F E ' T1tt<RFE^V\ T N E ' "Cfi^ < TN E ^ffiV^S ^i^^Si 

r Hz.mM£tit^\ fif. t n e ' fcit/R F e ' £M£Jf-f5£, 

T N E ' «os^f-^^^<-aA>-ev^£V^ (teb Ay^^^{H-^-efe5) 
9, R F E ' fiTNE^A^aAA^-eV^Sas^ff-^-^l/^y ^t-i£V^^(D-efcSd^ 

£#fcttNE ST^tBMSo 
[0109] 

VAD(D3o©i±i^FEST, NEST, fcitFDTtt, 7 /V^ /V 
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[01 10] 

7&tm*<Dfr<Dk%, NEST^S (true) , DTfci(?FEST 

tfSft (false) 7 >f /V* U ^SrfTfcfcVNi o£ 9 , G^W£#t£ (u 

nity) «t 0 t^fjV<D{^lEi^t^f^^> a Sfc-tlH> yzftW — lKD 

-tftfrh, DT^true, ^O, F E S T*5 £TJ*N E S Ttf*false<E> £ # K 

*saSisas#i- iot^^ <t 5 Kmrn^fto «t 5 

[0111] 

^fit B^^fcot, 0 *3 ±y 1 ©ttSr i t y 3Ef tti4 

V^) Sr^-r^^tCJ&D, T N E ' fc^T^®;"— tf s £CTl>5i:#fc: 

^7^-^y(^ jaPSWJ-l#«$*b«o cto-C, (ff-^-DT, FEST, *5«J; 
^NESTti^O AD J FEST^bDTWf^EI, *5<fct^ N 
EST^&FEST, FEST^bNEST tiff 5 Efflt'fi, _hfELfcJ;5 

[01 12] 

h/^^-efc^, «Ht«ADD©«HC«m^fll#TNE* &&p-t- 
< j&Jfc-r -5 fc ft fJWjI 7 ■< As* mWc g 3 = — 7 /w* G £ 

ii5 0 i©|ft(7)fc*lcj|i!|«i#ll!CNTH: N (.M 1 <vMMMM<D £ o iz.) i£ 
fctt^^i^f^-TNE, T N E ' W*« ^e^ltir#l££*a 
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[01 13] 

ffiSfs#TNE^^fl;$|^^VV0ti-»^fflV^b^5#^^{i, HI 5 — 2 
^ £ ti1t& m& V A D ^rftffi LT^gWfclkEfW -ew^ftHt^f/^^I $ 
6i5t-i-6o ^©Sft»fc6, i^VADfi, il^AWf^RFE' *5«t 

tffit^o ye sWitlt VADfiM^fgff-§- (no-talk-signal) NT©S ( 
true) ffi£t±l7jU ZtllC&^XXJ yf-SW&ffltbtlZo ^©^^ WJ:^ 
^ h/Mte^J&BE ST^V^T, W*^^ h/Ht^-ff-^TNEJ^cteT 
NE' ^ffll^tt£ 0 &$WW&V> WjS:^^1-5^V^f+Jt 
-rSfc&^f-^TNE&i^TNE' ^fflV^rtmSo fcfcU #^^fc 

[01 14] 

b) *ai*t5tt©TNE^fcfiTNE' > &Et»i-5 0 ^Oft-J^S: "Y" t 

BESTii^t, EtftLfcff-^YO;*^ h/^^W^-T^/^^rff^Li-So 

a) MJy^#|fe AR^ef/K ARX^f/K ARMA^ 

r©ftit©^f/^ "g" t-rz> 0 

3. Gt*<5# N j/ h AD J t <t D 7 it g 7 4^ 
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^GtlffTNE' Sr7^/^yy^t5, 
[01 15] 

[01 16] 
[0117] 

1. f^f»DTX^Kft^ii, ^^A^i^i^i^- Alci^ft 
[01 18] 
[0119] 



(41) #12 0 0 3-5 0 6 9 2 4 

\z ^ * n 5 m^^t^- k # s w ^i*^ a* stp $ *l s ^ -c s mm- i-±mnmzm—<D%} 

[0120] 

121 5 - 2 \Z.%2 0«ll: «t 3 ^ 3 — * ^ir/H£SE C D -&7tfr* 

^h-^{f^DTffi*t5o MNTtt, 2o©|ftTNE*5it;TNE' (75 
^fM^^f^f SW^LTBEST^i/ M^Mt^^^iWSo W-M 

3a«W3#as;fev^ b%m^-tZ> 0 vadW§nest, dt\ tsXTfiNTte 
, fciffi&XUmtfti C^tt«MTNE' feitlRFE' ) |:#§2o 

[0121] 

_L3$LfcJ;5&-> (BEST) fi, NT©if|^(CTNEtfctt 

t n e ' <d*-<? h/i-mk&mfe-t&o mfens mi(DmmmmtmmK, ^9 

[0122] 

fg2<D||»«U-*5^T, ADJ©±fegWlt H^ff**^ 
T N E ' (D^^? b/i-j&ft&Mm-r%l:5lzMm7 4/i'?G$:m7£1rZ>z blztb 

jgi (D^w^i^fc, ^ff^M^^t^rjM^jc^pi^-t-^o n 

tilt, mM^-^y b AD J tf5 N VAD{£j;oTNEST;^;^£;txfc££c7};ft& 



(42) 2003-506924 
n £3r^LTV^V^#(;ite, T N E ' £1*5 tf 3 WJHf < MM £ *5 fc. 

j?-?ihti?>, ? 4 G^wm-r^^mt b-c^^ibttsr k\-zmbfrx*-fo%? 

o 

[0123] 

tbS^wvi^ttu ^tt^ii5^f7^;^ (FIR) 7?fo£ i:tt-?#&o 
[0124] 

G i (?) = 2 (10) 
[0125] 

[0126] 

G 2 (g) = / 

t-i 

[0127] 

5o #^ti57^;^fiGiLtfffl-C#, r©7^f/^iiAIK)!uttTOi 
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$ti5Ww^fSt (i i r) z?>(/i'#&tiim-rz^k&-?%Zo 

[0128] 

G(q) = Gj (q)G 2 (q) = — fcf . ( 12 ) 

*=l 

[0129] 
[0130] 

D2 (El 5 - O&J^El 5 - 3 &0Mo ) ^^ftbtbTV>S^3 — df-^^-fe/^ 
[0131] 

HI 5- 3 <^^n ^^EI^^^tL5^3(D«^tg^*5V>T, «ADD2^ 
ffil^5 0 fcffU 02- 2*/cttlH2- 3 httm-tZl^ &;gc£*Wc^ 
[0132] 

i r \z. Ati h titzm^tum n^m^mm k mmmm-r z> *> n ~c « & v ^ l . 

&<TNE' ^fflW'S^ttrt^^K ^(DTrfe5 0 M^ittt, It^S^ 
X^xm^^^ — ^-^^^ir^coizm^^ti^o -^^^-^^L^vMitfi, J. D. 

Jonston^iS m$£S X&m&m^tt— T^tftf©^^ (Transfo 
rm coding of audio signals using perceptual noise criteria) J (IEEE Jou 
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rnal on selected areas in communications, pp. 314-323, vol 6, Feb. , 1988 

1. Mfy^ (/c/cu Mtt^>^<^^320) Km^<;<— ? - ^tr— MZL 

£9, T N E ' <D*s<? h/\s)&ft&nW.-rZ> 0 

2. T N E ' <ZV"v — 9 • X^<? hA^feffclH^ (spereading function) (DM: 
fy-i^Zf- (convolve) £rfr 5 o 

4. mfe&tiltlg&x^? hfr x^r—M^XS) ^ol>T, 13 5- 
3©BE ST(D-k(Dk^'r y^3(D^Mt&kt®i-r&o 

5. ;*^;/:/4cD{t!K^:^T^^y:7°3 w^m<^^^^:# v^#-^ s W*^^ 

[0133] 

^ h/Hte*^^^ h/KD^i^/^^— ^ti*P^-ti:5^ ir^rBW^ LTV^^o ^ 
[0134] 

[0135] 

E ^ Mi" 3 ft *R*Sf+fflF b T V > 5 o 
[0136] 

[0137] 
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Sf&S (ittif vad) ^J;oT$|J^$tl5^^■7f•swl^^-(?v^5 0 BJfe 

o "T^^ t lifi^ftf T N E 5 1 1 ^1^^ f,f , El 2 - 2*5 J; 

[0138] 

\z£vnt>ti?>it!t> m*-t£. agin- m^-v^m*^? h/^mmt ltjiv^ 

[0139] 

E^fflv^r t^s-e#sr iteej^-cfcSo r f e ' ifciiRFE^^: 

R F E ' ^fc^RF E(D*^f h^fti*. M^i^^^ b/^tK 
ft5ri:TO5. ^3<^^W^^*5V^r{i*/c, HI 5- 3 <D:/n 
[0140] 

^-c, - y h c t l t i (itL57~ n y ^ ^ tit m3(DmmM 
K8*cris i6i^t cm 5 - oa>b 5 - 3 <D*a^^^^*3ttsfW«i3iHs'^^* 
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ff^^RFE' (RFE1?lift^) *5<fcU«TNE' fcUt^fTfrixSo -<^'lf# 

ttlfffftTNE) ^l^it^te, rtfBVADlf^l«^y^ ( 
FEST) asitfifiSBS'^/i'h — * (NEST) <9 3f^-r3 0 
[0141] 

[0142] 

[0143] 

fti^ADD 2W5r ^^RTIB-r&So WADD2^©2o©A*»5 
^loli, T N E ' (D^^^ttfc^— v>3 ^ (i-^t5*>, ^ 1 *5 itl^/^fcfi 

n 2 (Dmmmm^ ^ o -cms £ tb/t ^ -cfos 0 H2^A^f«{^w^:ff-§-N 
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[0144] 
[0145] 
[0146] 

Y = A+-j=lG (ID 



[0147] 

512 CDmMl&MK&tf & h(DX^^> 0 x(n)G/^E b <DlI{i^^r— ]J 
[0148] 

3 co mm&m nm2&£ -a/ * /t am 3 <z> mmmm t t>-& 

, G<Dtii£i%:^%\,^nW-mM^-=-v h AD J ^:7^~- hv< y ^ i"S - t K <£ o 
[0149] 

[0150] 

b 3 -<< , 02-1, 0 2-2, IH 2 - 3 (C^b7c^NGM*5 <fc7j? 
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[0151] 

fltri&bfctSstK 0 6ii, 3o<^«^<DffiSf£/B£^bTl^o @6H*3 

©rtSBfcm-ra^-^y n> ^2*5j;tj«m3^iiiteff^<^ia5- 1, ms 
i^it>^2(D^^o^^(D^^j:^e^^-rSo £e>^ 

VADffi^7fiJ#P{f-^NE ST, F E S T\ fc^t^DT ( NT Tfi£ CL b <£> 2 o 

— Oi-ffiffii - ^ r^^'^So Is-^-MA SK-ARIll 3 (D^W^ 

[0152] 

•c $> 5 as N - Mm m m<D*-rs<i/?^* £ t>v* «>r >- ^ * * ^ 

MSff^^-*3V^T^b-5m-^^ov^T^i^^IfeP^bfc^ N ^ (^tUCJ;^ 
[0153] 
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[0154] 

[0155] 

Wf©!)^ h) 
ADD tftflrfcm (ADDer) 
ADJ PS^ 3 -— V V (ADJusting) 
ANT Tl/T~f- (ANTenna) 
AR AutoRegressive 
AR-PAR AutoRegressive-PARameter 
BEST Wfrtl^^ (Background ESTiraator) 
CNT fflW^WL (CoNTroller) 
COD «F#-fkS (CODer) 
DECOD fc-^fcg (DECODer) 
DT (Double Talk) 

DTX M^^-fg (Discontinuous Transmission) 
EC ^ =i — •¥ 7 (Echo Canceller) 
EST JtJ&gg: (ESTimator) 
FE 3&$S& (Far End) 

FEEST miffii^fe^ (Far End ESTimator) 

FEST Mv/y^h-^ (Far End Single Talk) 

FR 7/VU k -b (Full Rate) 

GC 7 >f J\>9 GfM#Kt# (filter G Control) 
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GSM Global System for Mobile communication 

INV i^^^ (INVerse) 

LAR Log Area Ratio 

MC # n "7 is (Microphone) 

MSID Make SID 

NC Noise Control 

NE j£SS (Near End) 

NEST ©Si/y^Vh- 9 (Near End Single Talk) 

NG WU$&£3k (Noise Generator) 

NGM £1^51 ^^Ix (Noise Generator Means) 

NT (No Talk) 

PNG j@M3t b^£§5 (Pseudo Noise Generator) 
RC MtSIEg (Radio Circuits) 
RF l&Mm&Wt (Radio Frequency) 
RFE Sfa^liiraff ^ (Received Far End) 

RFE' H<DtU^7t?<DRFE (Received Far End at output of H) 
RFESC Received Far End Speech Coded 

RPE-LTP \y 3l =7—;<;V ^Wj&MM^WI (Regular Pulse Excitation-Long Ter 
m Prediction) 

SID Iff^^^ (Silence Descriptor) 

SNG i^fcftH^^ff (Synthetic Noise Generator) 

SP (loud SPeaker) 

SPECOD ^^RF-^fb^-— y h (SPEech CODer unit) 
SW (SWitch) 
TELE TELEphone 

TNE aUff ifi^-ft (Transmitted Near End) 

TNE' EC^OTNE (Transmitted Near End after EC) 

TRU ^Sff^ff^— V h (TRansceiver Unit) 

TR ^im^-^- y h (TRansmitt unit) 
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TX ^imW. (Transmitter) 

VAD ^5^£rJ§!l (Voice Activity Detector) 

mi] 

[02-1] 

[02-2] 

^0-T?fc& o 
[02-3] 

V>5WK1S I D 7 l/- A^^^lit Lt 5 t»f I Vt«5x3- *^"fe 
[03] 

0 1 ^^^tbfc^5feS«I I ti5WtrmfCOD©7'n 5/^0-e 
[04] 

0 1 ^£nfc«i£#f I I Ci5«IMWC0DO7'p 5/^0-t? 
[05-0] 
[05 - 1 ] 

f 1 W^MI^^xn- ^ty«lEC©^P ^^0-^feSo 
[05-2] 

f£ 2 (DmMftZm^fa Sxa-drt ^ir E C O ^ n y ^ it* fc 5 0 
[05-3] 
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[06] 

05-0, 05-1, HI 5 - 2RZim 5 - 3 fcfc^T^ffl &ftTl^5fMflp3itf y 
[El 7] 

A R ^SSr^-^BI "X? *> § 0 
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